abstract this study examined the fatty acid and mineral compositions of raw and cooked beef and liver from bonsmara (bd) and non-descript (nd) cattle, raised on natural pasture. samples were collected from 80 cows and thermal-processed at 65°c for 120 minutes and 85°c for 60 minutes using sous-vide techniques, and then analysed for fatty acid and mineral compositions. the results did not show differences in individual fatty acid composition of meat samples between the breed (p>0.05). however, the raw beef sample had higher content of monounsaturated fatty acids (mufa, 40.22% ± 3.79 nd, 42.53% ± 2.39 bd) and lower content of polyunsaturated fatty acids (pufa, 11.02% ± 5.47 nd, 10.13% ± 6.73 bd) than liver (mufa, 20.11% ± 4.76 nd, 21.08% ± 2.46 bd; pufa, 30.73% ± 5.20 nd, 31.11% ± 2.37 bd) (p<0.05). the pufa/mufa and n-6/n-3 ratios, atherogenicity and desaturase indices were comparable between breeds, but higher in beef than liver. the total percentage of saturated fatty acid, mufa and pufa retained after cooking were numerically higher in liver than in beef (p>0.05). the results further revealed higher contents of na, mg, and Zn in raw beef than liver. however, the content of na, mg, and Zn in the beef and liver were not significantly (P>0.05) affected after cooking. Based on the PUFA proportion of the total lipids in beef (11.02%) and liver (31.11%) and n-6/n-3 pufa ratio in beef (2.54) and liver (1.34), consumption of liver and beef from cattle raised on pasture could be beneficial to human health. additionally, application of sous-vide technique can be used to minimize the nutritional losses in beef and liver.
Beef among other meat products plays an important role in maintaining a healthy and balanced diet, because it provides energy, high-quality and readily digestible protein with all essential amino acids, and other absorbable micronutrients which are needed for human growth, cell functioning and sound health (De Smet, 2012; Czerwonka et al., 2014; Mourouti et al., 2015) . Liver also provides a wide range of important macro and micro nutrients which are comparable with lean muscle tissue. According to Li et al. (2014) , beef liver contains 17-19% protein, 3-5% fat, 1.5% ash, 2-4% carbohydrate and 103-140 kcal total energy. In addition, liver contains higher amounts of amino acids (leucine, threonine, serine, glutamic acid, aspartic acid and phenylalanine), minerals (iron) and polyunsaturated fatty acids than fresh lean beef tissue (Enser et al., 1998; Jayathilakan et al., 2012; Li et al., 2014) . Based on these nutritional qualities, the utilization of liver and other edible offal is essential in order to support viable meat production systems and also enhance food security across the world (Florek et al., 2012; Kurt and Zorba, 2007) .
However, the bioavailability of essential nutrients for consumption may depend on the type of thermal treatment employed to transform raw meat to edible, palatable and ready-to-eat products (Severi et al., 1997) . The use of different cooking methods, such as frying, microwaving and grilling, has been reported to induce free radical production, loss of essential fatty acids and other nutritive values including vitamins and minerals (Alfaia et al., 2010; Lopes et al., 2015) . In addition, Alfaia et al. (2010) and Zhang et al. (2014) found that use of these thermal methods caused modification of polyunsaturated fatty acid (PUFA) and a severe reduction in essential amino acids, vitamins and mineral contents of cooked meat. The loss of macro and micro minerals during thermal processing can cause changes in muscle structure, decreasing the water holding capacity, sensory and nutritional quality of meat (Gerber et al., 2009; Czerwonka et al., 2015; Lopes et al., 2015) . In order to minimize the nutrient loss while optimizing palatability and shelf life of meat during thermal treatment, many food processors now use sous-vide cooking technique to replace the conventional methods (frying, microwaving and grilling) (Sanchez del Pulgar et al., 2012; Roldan et al., 2014) . Sous-vide technique refers to process of cooking meat in vacuum-sealed pouches inside temperature-controlled water environment for long periods of time (Roldan et al., 2014) . This method allows greater control over degree of doneness compared to other cooking methods (Baldwin, 2012) .
However, the effect of sous-vide cooking method on the nutritional composition of beef and liver from Bonsmara and non-descript cattle in terms of the fatty acid and mineral composition has not been fully studied. Bonsmara is one of the strongest and readily available South African cattle breeds which was developed from the crosses between local Afrikaner cows and European Shorthorn and Hereford bulls (Bonsmara SA, 2016) . The non-descript cattle were developed from the indiscriminate crossing of the different indigenous breeds such as Nguni with exotic (Bos taurus) breeds. It is well known that the fatty acid and mineral profiles of meat products can vary according to muscle type, breed, age, diet, species and production region of the animal (Lopes et al., 2015) . Therefore, the aim of this study was to evaluate the effect of sous-vide cooking method on fatty acid and mineral compositions of beef and liver from Bonsmara and non-descript cattle. material and methods sample collection and preparation Fresh beef steak samples were collected from musculus longissimus dorsi (thoracis et lumborum) of slaughtered Bonsmara and non-descript breed cow (beef cattle), which were reared on a natural pasture in Eastern Cape Province of South Africa. All animals were restrained in the stunning box and stunned using a captive bolt or penetrating gun stunner. The carcasses were electrically stimulated according to the abattoir guidelines at 300 V, 50 Hz and 5 A for 40-45 s at 12 pulse/s. The age and final live weight of cattle before slaughter ranged from 4 to 5 years and 450 to 500 kg, respectively. Fresh liver samples were also collected from the same cattle after slaughtered. The samples (about 150 g from each animal) were stored in a cooler box for approximately 180 min during transportation from abattoir to laboratory. After transportation, they were frozen at -23°C refrigerator temperature until analysis. All beef (Bonsmara, n = 40 samples; non-descripts, n = 40 samples) and liver (Bonsmara, n = 40 samples; non-descripts, n = 40 samples) samples were divided into three groups: raw samples, samples cooked at 65°C (medium well) for 120 minutes and samples cooked at 85°C (well done) for 60 minutes, using sousvide method (Vaudagna et al., 2002; Garcıa-Segovia et al., 2007; Alfaia et al., 2010) . Prior to cooking, about 40-70 g of meat samples was weighed into a vacuum plastic bag and sealed using vacuum sealer (Genesis, 80-GVS, South Africa). Thereafter, the samples were submerged in thermostatized water bath that has been preheated to 65°C and 85°C and maintained within the water bath for 120 and 60 minutes, respectively. After cooking, samples were removed from the water bath, submerged in cold water for 10 minutes (4°C) and cooled at room temperature. Samples for fatty acid and mineral determination were vacuum packaged immediately after cooling and stored at -23°C until analysis.
Determination of fatty acid profile of raw and cooked beef and liver
Total lipid of the fresh and cooked beef and liver samples from each breed was quantitatively extracted as described by Folch et al. (1957) , using chloroform and methanol in a ratio of 2:1. An antioxidant (butylated hydroxytoluene, BHT) was added at a concentration of 0.001% to the chloroform: methanol mixture. The fat extracts were dried in a rotary evaporator under vacuum and the extracts were dried overnight in a vacuum oven at 50°C, using phosphorus pentoxide as moisture absorbent. Total extractable fat was determined gravimetrically from the extracted fat and expressed as percent fat (w/w) per 100 g tissue. Thereafter, the extracted fat muscle was stored in a polytop (glass vial, with push-in top) under a blanket of nitrogen and frozen at -20°C for analysis of fatty acids. An aliquot (30 mg) of muscle lipid was converted to methyl esters by base-catalysed transesterification, in order to avoid CLA isomerisation, with sodium methoxide (0.5 M solution in anhydrous methanol) during 2 h at 30°C, as described by Alfaia et al. (2007) . Fatty acid methyl esters (FAMEs) from muscle were quantified using a Varian 430 flame ionization GC, with a fused silica capillary column, Chrompack CPSIL 88 (100 m length, 0.25 mm ID, 0.2 μm film thicknesses). The analysis was performed using an initial isothermic period (40°C for 2 minutes) and gradually increased at a rate of 4°C/minute until a final temperature of 230°C was reached. Finally the isothermic period of 230°C was maintained for 10 minutes. FAMEs n-hexane (1μl) was injected into the column using a Varian CP 8400 Autosampler. The injection port and detector were both maintained at 250°C. Hydrogen, at 45 psi, was used as the carrier gas, while nitrogen was employed as the makeup gas. Galaxy Chromatography Data System Software recorded the chromatograms. Fatty acid methyl ester samples were identified by comparing the retention times of FAME peaks from samples with those of standards obtained from Supelco (Supelco 37 Component Fame Mix 47885-U, Sigma-Aldrich Aston Manor, Pretoria, South Africa). Conjugated linoleic acid (CLA) standards were obtained from Matreya Inc. (Pleasant Gap, Unites States). These standards included: cis-9, trans-11 and trans-10, cis-12-18:2 isomers. Nonadecanoic acid (C19:0) (SIGMA N553377 -1G) was used as the internal standard to improve quantitative FAME estimation. Fatty acids were expressed as the proportion of each individual fatty acid to the total of all fatty acids present in the sample. Fatty acid data were used to calculate the total SFAs total MUFAs; PUFAs; omega-6 and omega-3 PUFA; and following ratios: PUFA/SFA; PUFA/SFA; omega-6 to omega-3 (n-6)/(n-3) and ∆ 9 desaturase index (C18:1c9/C18:0); atherogenicity index (AI) was calculated as (C12:0 + 4 x C14:0 + C16:0)/(MUFA + PUFA) (Chilliard et al., 2003) . The percentage of fatty acids gain or loss in beef and liver after cooking at 65°C and 85° C was calculated as [(Fatty acid value of raw meat -fatty acid value of cooked meat) ÷ fatty acid value of raw meat] × 100. The fatty acid analysis was carried out in four replicates per breed, meat type and cooking temperature.
determination of mineral constituents of raw and cooked beef and liver
The elemental constituents of potassium (K), sodium (Na), magnesium (Mg), calcium (Ca) and Zinc (Zn) in beef (n = 4) and liver (n = 4) samples were determined after dry mineralisation, as described by Gorsuch (1970) and Tomović et al. (2011) . Five gram of meat sample was weighed into a porcelain crucible and dried in a laboratory oven at 105°C for 3h. After drying, the samples were incinerated in a muffle furnace at 550°C overnight until the white ash formed. The ash was solubilized with 20 ml of HNO 3 (0.5 N) in an Erlenmeyer flask and heated to reduce the volume to 5 ml. The solution was then filtered through ash-free filter paper into a 50-mL volumetric flask. Each sample solution was made up with dilute HNO 3 (0.5 N) to a final volume of 50 mL and analysed by flame atomic absorption spectrometry (FAAS; air-acetylene flame) using a Thermo Fisher iCE3500 spectrometer (China). During the analysis, deuterium background correction was used and limits of quantification (LOQ) and detection (LOD) were taken into account. The mineral analysis was carried out in four replicates per breed, meat type and cooking temperature statistical analysis The Statistical Analysis System (SAS version 9.1.3 of 2007) was used for all the analyses. PROC GLM procedure of SAS was used to consider the effect of breed (Bonsmara and non-descripts) and meat type (beef and liver) on the fatty acid and mineral content of raw meat samples. While the effect of sous-vide cooking tem-perature (65°C and 85°C), meat type (beef and liver) and their interactions was performed on the fatty acid profiles, mineral content of meat samples. The statistical model included breed, sous-vide cooking temperature, meat type (beef and liver), breed × meat type (beef and liver), meat type (beef and liver) × sous-vide cooking temperature as main effects. Significant differences between the least square means for beef and liver were performed using the Fishers' least significance difference (LSD) method of SAS, with significance level of P<0.05.
results proximate composition of raw and cooked beef and liver
Results on proximate analysis of selected nutrients in raw beef and liver from cattle are presented in Table 1 . The results revealed no statistical differences in intramuscular fat, fat free dry matter and moisture contents in liver and beef between the breeds (P>0.05). However, liver from Bonsmara and non-descript cattle had a higher percentage of intramuscular fat content of 4.67% and 4.44% respectively, and fat free dry matter of 27.51% and 25.73%, respectively, than the beef (P<0.05). More so, the moisture content of the liver was much lower than that of beef samples. Similar trend was also observed in the cooked samples with liver having higher intramuscular fat than beef samples ( Table 2) . Application of thermal treatment on beef and liver at 85°C revealed a higher fat free dry matter and lower moisture content than those cooked at 65°C. However, the value of intramuscular fat in beef was similar at 85°C (3.64) and 65°C (3.64) cooking temperature. fatty acid composition of raw beef and liver Table 3 showed the result of the fatty acid composition of raw beef and liver. There was no significant difference in individual fatty acid composition of raw beef and liver between the breeds (P>0.05). However, among individual saturated fatty acids (SFA), beef revealed significantly (P<0.05) higher content of C12:0, C16:0 and C20:0 and lower content of C14:0 and C18:0 than liver (P<0.05). Similarly, the individual composition of monounsaturated fatty acids (MUFA) showed that beef had higher content of C14:1, C16:1, C17:1, C18:1 (n-9c) and total MUFA than liver (Table 3) . While the polyunsaturated fatty acid (PUFA) profile of liver revealed higher content of C18:3 (n-3), C20:4 (n-6), C20:5 (n-3), C22:5 (n-3) and C22:6 (n-3) than beef (P<0.05). In general, the total MUFA (P<0.05) values were relatively lower in liver (20.11±4.76% ND, 21.08±2.46% BD) than in beef (40.22±3.79% ND; 42.53±1.20% BD), whereas PUFA values (P<0.05) were higher in liver (30.73±5.20% ND, 31.11±2.37% BD) than in beef (11.02±5.47% ND, 10.13±6.73% BD). The content of SFA in beef did not differ significantly from the liver (P>0.05). Furthermore, it was observed that the values of total n-6, n-3 and PUFA: SFA were higher in liver than in muscle tissue (P<0.05). While PUFA/MUFA and n-6/n-3 ratios, atherogenicity (AI) and desaturase indexes (DI) were lower in liver than beef.
Effect of sous-vide thermal temperature on fatty acid composition of beef and liver
As shown in Table 4 , the total fatty acid composition in beef and liver were not significantly (P>0.05) affected by application of sous-vide cooking method at 65°C and 85°C. However, the contents of PUFA, n-6, PUFA/SFA, PUFA/MUFA, were numerically higher at 85°C than at 65°C cooking temperature for both beef and liver. The percentage of PUFA, n-6, n-3, PUFA/SFA, PUFA/MUFA, n-6/n-3, atherogenicity index and desaturase index loss in relation to raw samples after cooking at 65°C and 85°C was numerically higher in beef than liver (Table 5) .
mineral composition of raw beef and liver
The results of mineral contents in raw beef and liver are presented in Table 6 . The major minerals present were potassium (beef 213.7-221.7 mg/100 g, liver 171.1-271.8 mg/100 g), followed by magnesium (beef 52-53.7 mg/100 g, liver 41-56.1 mg/100 g), sodium (29.3-48.4 mg/100 g, liver 32.9-43.9 mg/100 g), zinc (8.9-19.5 mg/100 g, liver 8.5-17.3 mg/100 g) and calcium (12.9-13.9 mg/100 g, liver 17.0-17.5 mg/100 g). The concentration of Ca and Zn in beef and liver was significantly different between breeds (P<0.05). The concentration of Ca in liver from Bonsmara (17.50 mg/100 g) and non-descript (17.00 mg/100 g) was higher than that of beef while the concentration of Zn in beef from non-descript (19.60 mg/100 g) and Bonsmara (8.90 mg/100 g) was higher than that of liver (ND 17.30 mg/100 g, BD 8.50 mg/100 g). However, there was no significant interaction observed (P>0.05) in mineral content between liver and beef except for sodium (Na). 
Effect of thermal treatment on mineral composition of beef and liver
As shown in Table 7 , application of sous-vide cooking method at 65°C and 85°C had no significant (P>0.05) effect on the concentration of minerals in beef and liver samples. However, on the one hand, the mean concentrations of K and Mg were numerically lower in beef and higher in liver after cooking at 85°C compared to raw samples. Conversely at 65°C cooking temperature, the values of Zn, Ca, Mg and K in beef were not numerically different compared to the raw sample. While on the other hand, the values of Ca, Mg and K were lower in liver after cooking at 65°C. Non-descript (ND) =4; Bonsmara (BD) = 4. Significance: (P≤0.05). Not significant: (P>0.05).
discussion
The content of intramuscular fat and fat free dry matter in liver was relatively higher than that of the beef. Application of sous-vide cooking technique at 65°C and 85°C led to significant loss of moisture and, consequently, a higher intramuscular fat and fat free dry matter content in both liver and beef compared to the raw samples. This is similar to the findings of Alfaia et al. (2010) who reported a significant reduction in moisture content and higher increase in intramuscular fat of cooked beef compared to raw beef. Other authors have also reported an increase in nutrient composition of meat (including fat content) as moisture content decreases during cooking (Badiani et al., 2004; Alfaia et al., 2010) . Variation in fatty acid composition of raw and cooked beef and liver samples as observed in this study is in line with previous results reported by Alfaia et al. (2010) for fatty acid profile of liver and beef of cattle raised and finished on pasture (Alfaia et al., 2010) . The higher proportion of PUFA, n-6 and n-3 observed in the values of raw liver than beef could be linked to the ability of liver to synthesize most of n-6 and n-3 long-chain polyunsaturated fatty acids from dietary precursors during lipid metabolism in the body (Araya et al., 2010; Valenzuela et al., 2012) . This could also adduce for higher total fat and fat free dry matter found in liver in this study. However, omega-6 PUFA (arachidonic acid) and omega-3 PUFA (eicosapentaenoic and docosahexaenoic acids) have been identified in several physiological functions including regulation of inflammation and prevention of transmissible chronic diseases (Nantapo et al., 2015) . This result is in line with other studies that have shown that liver contained higher level of polyunsaturated fatty acid than lean muscle tissue (Enser et al., 1998; Jayathilakan et al., 2012) .
The non-significant difference between raw beef and liver from Bonsmara and non-descripts cattle indicated that their genotypes did not have effect on fatty acid contents since both animals were reared on natural pasture. Similar result has been reported by Xie et al. (2012) who found no significant influence of breed of cattle fed the same diet on fatty acid composition. However, our results are in contrast with the finding of Li et al. (2014) and Orellana et al. (2009) who had reported significant breed effect on fatty acid composition of liver and beef, respectively. Furthermore, the total SFA and MUFA contents observed in raw beef and liver were relatively higher than those reported by Li et al. (2014) and Alfaia et al. (2010) , respectively. However, the content of PUFA in raw liver was higher than that reported by Li et al. (2014) while that of raw beef was lower than that reported by Alfaia et al. (2010) , but comparable with the report of Sarriés et al. (2009) and Legako et al. (2015) . The ratio of PUFA/SFA, PUFA/MUFA, n-6/n-3, as well as AI and DI recorded in raw beef and liver in this study were in contrast with those found by other authors (Sarriés et al., 2009; Alfaia et al., 2010; Li et al., 2014) . These contrasting differences may be attributed to factors such as slaughter age, diet, meat cut and seasonal variation which have been reported to influence fatty acid composition of ruminants (Orellana et al., 2009) .
The amount of fatty acid loss after cooking in this study was relatively lower compared to other studies that used cooking methods such as boiling, grilling and microwaving (Alfaia et al., 2010) . Several mechanisms, such as water loss and lipid oxidation, diffusion and exchange that occur during cooking have been suggested to lead to relative changes in FA compositions (Alfaia et al., 2010) . This indicates that sous-vide cooking method was able to minimize nutrient loss and prevent oxidation of fatty acid content by reducing the contact of free oxygen with meat sample (Oz and Zikirov, 2015) . Consequently, sous-vide thermal treatment had lower cooking effect on liver sample than beef. This indicates that beef is more susceptible to nutrient loss and lipid oxidation than liver during cooking.
Considering the mineral composition of liver and beef in this study, the concentration of K and Na in raw beef and liver was slightly lower than the values reported by Czerwonka and Szterk (2015) and Lopes et al. (2015) , but higher than that of Reykdal et al. (2014) . Equally, the level of Mg observed in raw beef and liver in this study was higher than the values reported by Czerwonka and Szterk (2015) and Duan et al. (2015) . The content of Ca and Zn in beef and liver was in contrast with values reported by Reykdal et al. (2014) . However, these contrasting differences in the values reported in this study compared to other literature could be attributed to factors such as the type of cuts, age of the animals, sex, diet, genetic factors, physiological state, geographical site of rearing and method of mineral content determination (Czerwonka and Szterk, 2015; Duan et al., 2015) . Besides this, many studies have also indicated wide variation in the content of these nutrients in bovine meat, and the limits of these variations have not been fully defined (Greenfield and Southgate, 2003; Tomović et al., 2011) .
The non-significant difference in mineral contents between breeds in this study was similar to the report of Duan et al. (2015) who found no significant breed effect in mineral content of cattle. However, this result was in contrast with the findings of Domaradzki et al. (2016) who reported a significant breed effect on mineral concentration of beef from Polish native cattle. The impact of thermal processing on the mineral content of beef and liver in this study was relatively minimal compared to the findings of Czerwonka and Szterk (2015) who reported great loss of elemental nutrients after cooking different meat cut through roasting, grilling and frying. This shows that sous-vide cooking methods can preserve the elemental constituents of beef and liver during the cooking process compared to other conventional methods.
conclusion
The findings of this study revealed that breed did not have significant effect on fatty acid and mineral composition of raw beef and liver. It also showed that the liver had higher percentage of intramuscular fat, fat free dry matter, PUFA, n-6 and n-3 than the musculus longissimus dorsi. It was also observed that the concentration of minerals in liver was similar to beef. Although, there was no pronounced effect of sous-vide cooking temperature on fatty acid and mineral composition of beef and liver compared to uncooked samples. Moreover, the concentration of PUFA, n-6, and n-3 was lower in beef than liver after cooking. This study has demonstrated that sous-vide cooking method can preserve the nutritional properties of meat products.
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